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co,:_i] _tT.c,n p_ _.j££:-_;£:i p±,t- 2 _]......<

O_fJ:ginal Source D.:_<a.

selection o_?

i.

2.

3.

The prima<-y co:_siderations in the

source r._.a_erial for the master data base _Tare:

Hap scele

The amount of detail sho:..m

I I. °.

The projection u_on_, wL_,].ch the ma,_, was co*_-.=p.<!_-"_a

The first phase of the progr_.m entailed a judicious selection

of charts and ochre.,_sou_-ce material which took the above

factors into considerstion. After all available c_arLs'-_ and

maps had been eva!uated_ it was decided that the Global

Navigation Chart -- at a scale of 1:5,000,000 -- was the

optimum ch"-"-_.,__ in terms of deta_l_ and scale_. (See F_oure,<_," 1

Pages 2 th_:u 4 ) However, for the production of the film

graphics, the chart o-_,_eo_nt_.:]oo-<_ a problem in aerms' of projection.

11_e GNC'S are compiled on the Lambert Conic Confo_mal Projection.

Being a conic conformcl projection, the m_:ridians converge

"-' h{_'h,_ ].-_t''- _'_ 'quite rapidly at u_e -o -- _ l_u__s, w,nere the Cylindrical

Equal Space Projection (required by the specifications), does

•not depict the meridians as conversin S. Because of the

dissimilarity between the two proj "-" " much detailedec _]-Oi2 S

paneling was required.

1
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Seq. I./AC Edition Litho Date

04 769 12th 11-60

07 526 7th P,ev. 10-60

I0 647 llth 9-62

17 829 10th 4-61

21 526 7th Rev. 10-60

28 526 7th Rev. 10-60

30 585 7th 1-62

31 585 7th 1-62

38 707 6th Rev. 3-60

40 6L.8 9 th 7 -62

52 649 9th i0-62

53 771 8th Rev. 4-61

56 649 8th 5-59

58 772 7th Rev. 4-61

60 826 5th 10-60

65 825 8th 3--60

70 945 4th Rev. 1-52

77 944 4th 4-52

81 1018 6th 10-59

85 697 8th 7--58

86 575 9th 1-62

88 6_7 8all _ -58

94 780 6th 6-60

97 815 5th 6-56

98 937 6th 1-60

99 815 5th 6-56

101 936 6th 1-60

103 1027 3rd 6-51

108 1027 3rd 6-51

ii0 1422 5th 2-60

113 1421 4th Rev. 2-52

114 1055 5th 11-60

116 1054 5th 11-60

117 1176 5th 11-60

120 1030 5th 12-54

122 1398 4th 9-51

1,_4 689 9th Rev. 5-60

126 932 7th Rev. 7-61

129 1175 6th 1-53

130 1154. 4th Rev. 11-51

Figure 1
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13]. ].276 6th

13.5 910 4th

136 789 {_th

137 810 6th Rev.

138 1031 5th

142 1297 5 ill

143 ].052 3rd Rev.

144 II 56 5th

1/:.6 791 2nd Rev,

148 920 6

149 859

158 .739 7th

162 134-6 6th

165 1102 6th

169 1229 7th

170 1461 6th

183 742 9th

187 1460 4th

188 II00 5th

190 863 9th

192 855 7th Rev.

194 976 7th

198 1109 9th

204 854 4th Rev.

205 ]458 6rh

206 975 7th

207 iii0 6th

2].1 1458 6th

217 731 8th

218 1219 7th

219 988 7th Rev.

222 1235 6th

224 1456 8th

227 1340 llth

229 1340 llth

232 990 6th

234 599 llth

235 599 llth

236 1094 8th

237 1115 5th

23g 1238 5th

311 590 9th

312 590 9th

Figure I (cont'd)
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September ].957 April 1965

Sep'- __em_=r 1957 June 1964

September 1957 Hay 1960

January 1959 August 1961

September 1957 August 1962

September 1957 December 1964

September 1957 December 1961

September 1957 August 1962

September ].957 April 1964.

September ].957 August 1964

April 1965 September 1965

March 1958 April 1965

March !9b8 December 1964

March 1958 December 1965

March 1958 September 1963

Hatch 1958 April 1963

March 1958 May 1962

March 1958 March 1965

March 1958 May 1961

March 1959 Hay 1961

April 1964

March 1964 July 1965

March 1958 August 1961
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p-.,:_ '., :;.ou_'._.. ._''-'" i:_;(,r,,•_,_ _. , c....,._._: _.-,],___ _a -._. -_.-....,,,, , batiLo_,, " r'_,.,_.,_.=..... t _o U.Y'_ ,. C O:_D .i ]_a :!

on _ I,:Tnln. _," L. Conic Con cor,:r.al P_:o ec tie'-.',,_ th e_:e ,:o-_:_,, ul,_

.petiolin__ c)i;::__-,2tioi__ :._.aL3 assent::[.al]_y OZ]e. o! p_ojec[tJ_c)r_ convo;_-

S;O_,,............. l.:,'nero,)y z_'_'o S_-_,,xce Co,:Do:cation converueo...... t_ne', conic

projection to a cylind_-ic¢.! pro jet Lion. In '-__-_" _ "L._=hlj O:C tZlqO

and accuracy, th4 GT2C'S :,._ere o_.-iginal!y ?ane!c:d to an in_erc-

:.nat .... i.:ion. ].n o!-oer tome_,..;.aue cyl" _._ica! _:qun! _i°')-_r_-----.,).rojec,

o\:'e.vcon_et}_c problem o:c conve.vgence on ,_:Toconic pm-ojection,

each five d _, .... ' .... _ ....,_ .... oa_c_ o:c l_t_d_ was individually paneled

to an inte-ruadiate cy].::ndrical pY'ojection g:cid. (See Figu_.e. 2

_o_._,_6) The end product o_._this paneling operaczon was a

eon_orra to the Cylind_-:'_ca! Equal Space Projection. Since

each five _ .....c,--_ " "_.,_b_ ._ band _._as comoiled at a s!zght!y dz::_-_-'_,__en_-

scale, the next step in the. sequence of operations _Tas a

photographic reduction of each band to the final co-_r_non

cor_pilation scalE.

In the final _I_ o:,: _h= pane.ling operation, the photo nega

tives of the giv_ _-_o band as er_ble.d.......... ___e s _..;ere s on a transpe_'ent

ovar].ay of stable bas_ 007" Hylar, punch r_o_e__-ed to a

sc_-ibed master projection. ^_r-- _-._.__r como ......on of the enti-_-e

master panel, a complete ed{t -_ ' ._ _- ...._ _n<, inspection _,_as p=r,_or ......d

5
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F!
(%-by t].'., _ ,-__,_--o 3__:CV:LCC: rik_-a]iL-y /'_,_,r:_,:,:_,nc._e C,:o_:p. A c:o:'Lar_'t

pos_tive was t]_,::n ol_c, , ..... ,:_ " .'.... _ o_:_a')_i.c_-!.. .....]y r),":cr_ _:r0!:_ L_],',_ m_:tSt _,_',_._

pane]..

Constru, ct:."_on of Proicction Grids. A!] orojeci:_ion grids, be'-',

" _-_ _'" ' __ ,,ere accura,_e!); sc_/zbeo on I( Ell_,__rI:.__.ct]_a,_e SP-c] .__-ill_.ql , .... .

-D

D

D

.0075': Sta]_i!ene Scr:/becote wl',ich has a _[y].ar base with a

h_4___, degree of s_:,'-4)_]_-;-y.......... The., projection plott:,'ng was pe_-:%z<,_ad

with a Haa S -° ..... _,-- , .o,._. _zt Coordinatoc_reoh ......_-,: Laa_ has a plo<:tin S accuracy

of • .0015". The intermediate grid projection was scribed at

one degree intervals WakCL_ insured the o "'"_,pec.lzled positional

accuracy.

D

D

D

D

D

The basic design philosophy for the terrestrial graphics was

based on producing a sznole master manuscript. _erefore, a

single master Cylindrical Equal Space Projection was constructed

at a scale of 160 nautical miles to the inch. The overall size

of the maste<- grid, scribed every ten degrees, is 45.0" by

138.75" and encompasses 370 degrees of longitude (I0 degree

duplication) and 120 degrees of latitude ranging from 60

.degrees north to 60 degrees south.

D The terrestrial scene started at 33 degrees West Longitude and

D terminated at 23 degrees West Longitude with the entire overlap

7



area fa].!ing in the ^_-].a_.,t:ic Oc _,n

0

0

0

0

_D

D

P,ende-c_n _, of _.i,:_sterArt_:.:,o:¢]<.It was decided that rc3.,..,_

the terrestrial manuscript in color would a[ford a high

degree of realism in addition to depicting the required

fidelity in terms of te;tku:ce and pattern definition. 'life

various tints and shades were rigorously tested to insure

color consistency _ and stability and were proven acceptab]_e

for both color and monochromatic response. (See Figure 3

Page 9 )

i

0

0

0

Land use keys and corresponding color mixes which were

developed for the Apollo Earth Sphere were used in the color

rr • " C;

-^._i_-_-:_ The color schedule was established by cate_orlz_-no

- 4 nvarious types of ter_a_ and cultivated areas. These are

listed in Table I, Page I0.

/

rendered
I •Tonor_raonlc Detail. Mountainous terrain areas were

so as to provide an illusion of relief. This was accomplJ-sh-_

by color shading techniques. (See Table II, Page II)

" _ Agricultural and vegetation patterns were simulated by over-

| m ........ _;. textures Reference material, to

| _ paintlng color uone_ _.....

I_ insure the most realistic port_;ayal, cons!steeL o.< ava!laole

rb tography and the larg I collection of aerial
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r_ Land Usa K_'_s

_D

_0

0

TABLE I

I) Cultivated a_ceas

a. Fine texture

b. Co_..se teztu:c_

2) Intermixed forest and cropland

3) Forest

4) Intermixed forest and grassland

5) Scrub, bush, steppe, and grassland

0

D

D

n

B

m

7)

8)

9)

IO)

ii)

12)

6) Desert

a. Fine texture

b. Coarse texture

Irrigated areas

Oases

Tundra

Snow and ice

Mountain areas

l,larsh or s_zamp

a. Forested

b. Grass

I0
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Co ].or s Us :_,:I in Pot" i:::ayin& _:[?:."i22 ._T°_)2;_';__f£-2hi.c Faa tu-: e s

TABLE I I

Ocean _.,Taterareas

Bro.nd rivers

Fresh T.,Taterlakes

Densely _._ooded areas

Partial tree cover

Semi-- ar id brush!and

Tundra

Grassland

Agricul tu_-a! areas

Roc]_y desert

Rocky areas

Glaciers

l,iajo_" urban areas

Strong blue

Dark blue green

Dark blue g_-een

Darh green

Green

Light green

Light green

Light green

Light green

Bro_.,zn

Bro_,m

_.N]ite with blue cast

Mottled light gray



I"i phoL:og-_:a:?hy ?:: /-ero' s .:..__!,:_ I:'LL,:::_::y.

D

Re:.l_.:_::i::go,,:(,_--.iI s:_:cl__s r±_,.<,.,,....._._ , "--r_-o peni::su.ias, .,.

various .].an(]an.']water forms conform _Tit:]:the speci?ic_ _-" .

that is_ mini:::u:::detail of three naukica! miles or more was

po:ctrayed.

J
0

0

J

'ii

Phol:oc<_-,zoh{n__,..-- .....Cop_y.in_ of l.:aster t_rb:.;or]:

Artwork and Camera Ali_n:..:ent. The master artwork was mounted

on an open faced vacuum easel measuring 72 inches high by ].46

inches long. (See Figure 4, Page 13) l_e artwork was

accurately positioned on the easel by means of a pin registra-

tion system whJch :,,,asdesffgn_d soecifically _- --- , _o_. this project.

An equatorial reference grid permitted accurate alignment of

the Robertson Tri-Colot- Camera film holder which has been

designed to _ -':- --'. .-_p_r,:__ both vertical and ho_:zon_.l adjustment.

_,Then accurately positioned, the artwork and camera film holder

remained fixed throughout the entire copy sequence.

| Continuous Filra Strio E::nosure Technique. As previously

stated, the master artwork actually covers 370 debre_o '• _" _°; tnaL

.C
is, one complete orbit plus ten degrees o_ overlap. By using

a specially de _ =- _s-on_d._ade-in, _ade-out device, the duplicated

l area received one half of the e::posure on the fade-out and

m
12
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on_ bail of t]_ total e>_oost_r.:_on the lade--in. Ly usin S a

fac]c-.Jn, fa::]e-out in t[_c:overlap area, it _.;as poss:T_})]e to

record eight orbits c_ one continuous film strip _,._ithout

D resorting to mechanical film splicing.

D

|

In order, to accomplish the precise blending of the two over-

lappin S sections, Aero Service designed a special metering

and registration device for measuring and maintainin S align-

ment of the film as it is advanced across the focal plane.

(See Figures 6 and 7_ Page 15) The first exposure required

27.75" of film (360 degrees of longitude, plus I0 degrees of

a
a

|

g
!

I!

II
!

overlap) while the succeeding exposures each required exactly

27 inches of film. At the final film scale of 800 nautical

miles to the inch, 27 inches is equivalent to one complete

earth orbit, lTne film lengths of Rolls A and B, including

:_eet eachleaders and trailers_ are 50 = - .

Fade Band and l_{oon!i%ht_ EfF_ects. During each orbit of the

training mission, the astronaut will pass through a sunlit

and moonlit or night phase. The method used in the simula-

tion of the transition from sunlight to moonlight and back to

sunlight again was one of several methods speci[ically tested

for this project. The method offering the most realistic

!

!
14
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........ _,, ..... , ._ :, ,'lr_l J.vo "_ For L:;!e C-der.::iOF_ 02 uEl _" mSSi2_.r

n_b_u.,.,.._c..... "'-..__ i'c was nccessa-.,:y to e,':per:;:,._.e.nt with several_ u;'-,_,2_._._

of filr0. "nay_rig{ a film speed much lower unan" the Type S0-226

film, ye-c still pOSSe.SS.L_g the. n._ces ......y spectral response

end r eso].utio._.

A _ - r_,,,'_-,{r,<; "-' a t_'_n" a]. data " ' tests o:__ _'_ seTte] ............... _ _],_ -u_ ....... C , __nr, L.h.. lec ted

e:au!s_o._s it was d..__cided .... _'- ,.......... , __n_,. DuPo_-i: l%p.. 228R Cronar Aerial

i'_,, I ,-'_ "_ -_ ,'-, .'n -" - -_ :-, ,'-- 772-11 ..... _ +-_. ..... _- _.. -," J-. _!. 1 _ I"_ .................... "_ ._." .

additional footage, the _-"Im wasz.L found to h:_ve an in'heron::

banding __ " • 'e_,-_cc.... in the trensverse direction, l;uru_ler"'-' uesns

indicated '-'_n_,_"-__t,_.:a._"....Aerographie Dup.!_cat::ns Film, Type 2!:.27,

was mo,__, suztab].e. Tee Aerographic Type 2427 wss used in

|

g
a

g

making the maste::: negatives from whicln the final terrestrial

film g-caphies was printed. (See Figure 5, P_-_ge 13)

Pr oduc '--",_..__on o_ the Nirror I:ua-qe Fz!ra. It was determined ....una

the best resolution _.¢ould be _ch_e_.J_{ , _r by exooszng." the fi!r_.,in

|
16

g



...... ....d _.C,-.!_,:S_:] O_ t'R] ,I-,_T:

D

0

rolls *:n,s, th<£'_;__c,ze, ac.hie'.;ci L/ rc..'_,._.-sal printin S _in _-'_e

],oL Etronic SI) !0,70A SL::ip ]_,-ini:er.

P:,:; r, ;- _o-% o_ Pos:{L:iv-" _-;l-p. G-,.... ,',ic-,"
..................... ..... S= ap P,:LCS

were _)::inLed, fro_t the m_,ster z.eo:.._,_;-i\:....._ on [:he Lo S ...._,,I....o_r_c.;- o-_°

10,./70A Strip Pr._nLer and processed _n tI_e I[oc]ak Ver('_,`_

Processor:. (See Figur_s 8 and 9, _:s- 1 The necessary

"--""_'- ratio, _s s_le_,.e_ at a /_!ee,-.tn O c_conL,_<_:,),_ .... c,:-,_ _" ...... Farrand Optical

Coi,.pany _;{th rc_Tresantatives of "_^_"_,- _,_,.,_o.._and Gru:t:nnn Aivc:,-;:',.:.:t, was

|

i

a_-;-a.__In_,1"_ throug_' _,_=nsitromet.ric tests to ac_.__eve"-". _'_ne soecified.

ganm_o and average 'density level. Considerable difficult}, was

encountered in attaining tracking of the master nesative and

80--226 print film within the 0.02 _; a!ignm_nt tolerance. Also,

high voltage chErges building up in the film attracted dirt

particles. To eliminate the problem, two ionizin Z devices were

|

|

|

•ns_a_.led in the printer to neutralize the charge. Numerous

other precautions were taken to "achieve a very clean positive

magenta pJ:int. Figure I0, page 19 is a sample of the terrestrial

graph ic s.

I

I

• I _ _ • _ • _-.

Cal_o<..'_c.__on Pno'.:o_raohs.,, The spec__:,:_cations ind'_caLec,_....c{_a_

f{ve 8 x !0 inch calibration phof-_-.r_-g_o be....... o-.-<.... provided for each

earth orb-_t o.__nce_"to.ere' are e" ' " _ "-.. _g,:_ orbits on ko!l A and e,_ght

| °
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.",, 0 L:OU::.C 0 _,C] Cp,].'' " "0il pn \ ....UCI]_;.sh _, ]

] lct,_i._xcd byan<r,::_:, _" high contrast

lit: _ _:ctlc]c at t'u_sccnu:!_'}_- oz Lbe pnosogJ:aph. The calibratioin

Ph(':- "_"cPhs_,o' _-']':o.. conta].t_. Lhe lon',J:a2.r]i nvqY,.]]2-,.-, a no_t];_ a]:row

,..\ _,. o th_ geo ..... " :.'d _-g__cp,n_c coo inates o_ the

!an:i.:i-ck. (She Figure Ii, Page 21)

The g0 select:e.c] I nno_mo,?.:_ are annotn,_ed and labeled on a

Wor].d Aeronautical C'-:,c.ctIndex (Figu_-e 12_ Page 22).

Figu-,ro 13, _ ...._. _<,.-' 23 is a contact print o,: the earth ,?tom the

final terrestrial graphics negative.
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I

LbA..'__, FT_U.{ G._,_<: r 1:1

To e!irainate repe;iitive co:qpilL_tion &,u,.:'re_.__d:TL:!o_,o j c]1:p!ic.:tt-e

scene cove',_'a[je s.i]d to 3_nsuk'.q I o..nL Lo point co,-]-csoo.umo._,_<; ba--

n_n_'_' two adj .... cnt a] [::: ,__J_ ra!-lg,_s wa]:, _ Yc,.t_<:,s:ec,.twse.n Luna]: '-,<'..o-.:,, ,:,-..........

as a composite scene.

The two orbital ]l'n_'_o_:o_,-_ ! an¢J 2 were co_-<).i!ed and rcnde<-e<l as

a single unit This was possible ' , _ -,_-"..... oc.c:,._-s ,_ Range 2 (la:c o, ....

final scale than P,ange 1) falls _ ...... 'w_ L,_l.,__).P.anE, e 1. Ho_,,zeve_< >

since Ranges 1 and 9 were required at Elq;Fee '' _? _,- o].::_.,eran L lunar

phases, it was necessary to coa,.pile avd rendcs:c th:_;ee distinct

I

i

I

I

I

I

.t-. "t 1 , "_ -' _ a- ._ a-manusc-_ipts Simi]._,-r]y, utle two SU':_-'O?:t_.Lta.L alL.__ude T_,_-_.....

/ ..... -I _ ............. _el _ .1 .1 . 1 • • -1 , . ._

are ten individual master artwo.t'its (one for each landin S site)

, . bei_ at a ].o.,.,___,_ alt._-,_uc]e>for Range l, and Range 5 Range 5, . _ _-" "'

falls within Range 4. ' Individual. -........... _-o_;_. _'.o.,_,..o weice px'oduce.c] :-Of"

sub-orbital Range 3 and consists of _._.: .... sceY.es one fo,_' . ......

].un_.r phase. Fou- ",_-ha landing and as,zent scene, a single mast._):

az ,twork was compiled,

A total o:,? 17 ma=t_-r artworhs, enc_'_)_°_in7 all .... {<-;ed....... '.., ,- ,->o. ,.., __ uttO S[)O.C.........

ranges and lunar phases, were renc]ereJ.

r

I
24



D llesea,.cn into good qu:_].ity, large scale

Q
.|

lunar source data, revealed that very little large scale sou::ce

material was available. The charts _i_ich _,,ere available inclu-

ded the Apollo Intermediate Charts at a scale of 1:500,000; and

the Ranger Lunar Charts which vary in scale from I:i,000,000 to

i:I,000. 0nly five charts in each series have been produced to

date. These charts covered only a small portion of the lunar

a

|

g

g

I

surface which _._as to be rendered and it was necessary to use as

the primary source material, the Lunar AsLron_.utical'-_ Charts at

i:I,000,000, produced by ACIC. l_e extent of coverage of the

I:],000,000 LAC charts (See Figure 14, Page 26) is approximately

32 .I ........... _-,_
_,,e _...._ _q_a _--_. For the _

beyond the LAC coverage, it was necessary to employ the

Cr" I1:5,000,000 A},[S TopographiC Lunar Map.

g

i

g

Other source material used by the renderers in their depiction

of the lunar landscape consisted of Ranger VII and VIII photo-

graphs, the Rectified Lunar Atlas, and telescope'photographs

obtained from Lick Observatory.

9 Construction o,? Comoilation Projection Grids. Both intermediate

g and final master grid projections were accurately plotted and

g



[i] F:; im C-ca,ql i c ,:; ,-_ou : c-:_

LAC'S Edition Date

: 38 1st _;..... ch .,__,__

i _ 39 1st ;']o,i_mber ].963
m 40 Ist October ]._;63

r,6"j
! 41 Ist Sc$_terbc_ _ 3.:65
! _ 42 Is! Fe_rua_'y ].5
'_ i - ,," r'(, 5
i 43 Is! _,Jsy ]._
_ 44 1 s t D e.c e_:fo e r t 9 65

i! _ 56 ].st _.!ay ].:'63

W 57 2nd l",ay 1962

'! I 58 2nd Ap_.'il 196459 ist April 1°63

_ 60 Ist Sap_embe_" I_62

| _ 61 Ist February 1963

I _ 62 ist Februa_'y 19.5../:•

.|. 74 ,., Ist April 1962

i 75 .2nd June 3.962

.| _ 76 . 2rid Ap_:i! 1964
| 77 Ist l._a_ ].9_o

I [] 78 Ist l.larch 1963

I _ 79 Ist ' April 1963

:| 80 Ist March 196!:.

_4 ,, 92 !st __'eb-_7!_:cy !!;h_)

9 - Ist Jun_ - ._
| 94 I st l.[..y 196/-,,-

[] 95 Ist December 196!:.

I [] 96 IsL A..rzl 1965

i 97 Ist Hay 1965

I _ 58C ist May 1965

I M 58D Ist l.farch , 1965

59C ist 1965
._, 60D IsL _.jayUary 1966

i_ i 77A ist _,,ay 1965

i RLC 2 ist , Octooer 196-/-:-

__ Figure 14

• _ 26 . _.



scribed on th _ IIa,',-Streit C,oordinal-o_:,:apa i_L the sa_:,,_,_r_,_nner

U

0

0

0

0

0

B
Q

a

I

n

_,'_ * c -7,- .. Las in the l_r_.eot,_;al Filia Craohics.

J.ox each ofA separate master grid projection _,las constructed _- -

the lunar scenes. The corapi!ation scales, fcn:_:_t sizes, etc.

are sho_.Tn in Figure 15, Page 28.

The compilation scales and formats sho:_n in Figure 15 _.:,e.-.:e

computed utilizing the final film oc.-7_-o length,....:......, and op,=cified

longitudinal extent for each of the altitude ranges.

Panelin_ pf Ori.$i.nal Source Data. The general paneling proce-

dures, as described for the compilation of the terrestrial master

data base, was essentially the same for the lunar scenes. The

original map source information was paneled Jn strips to an

intermediate compilation grid. These strips "_,,_erethen photo-

graphically enlarged or reduced to a colr_on co_npilation scale.

The negative strips were then assembled on a mylar overlay which

was punch registered to a master projection grid. The completed"

master negative assembly _,Tas then photographically transferred

to a stable base photo sensitized material _,lhich was punch

registered to the rendering base.

The Landing and Ascent scene was rendered first and reduced

copies were made at the co_Tpilation scale o_ Ranges 4 and 5.

27
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J

n

D

D

I

m

H

Coml).i] :: ',: :_on

_._:_L.__Phase Haut_scri!_i-s Scal_e

1 A I 1:2,136,256 46.50 ''

B 1 1:2,136,256 46.90"

C 1 1:2,136,256 46.90"

2

Ff _.m! Sc <';!,'-

Dimensions -(_7-.:_.i[- --'T--i-":[.<',

x !45.77" 252. I N.N.

x 132.31" 252. ! N.I_.

x 109.50" 252.1 N.H.

A (17ithin Range I) 22.5': x 145.77" 73.5 N.H.

B (Within Range i) 22.5" x 132.31" 73.5 N.Ti.

C (Within Range I) 22.5" x 109.50" 73.5 N.I,[.

4

A 1 1:495,250 22.5" x 79. 525" 16.97 N.i_.

B 1 1:495,250 22.5" x 112.475 '; 16.97 N.H.

C 1 1:495,250 22.5" x 81.150" 16.97 N.I._.

A 4 1:129,577 22.5" x 71.40" 4.44 N.M.

B 3 1:129,577 22.5" x 71.40" 4.44 N.H.

C 3 I:129,577 22.5" x 71.40" 4.44 N.M.

A (Within Range 4) II.7" x 37.713" 2. 312 N.H.

B (Within Range 4) ii.7" x 37. 713" 2. 312 N.H.

C (Within Range 4) II.7" x 37. 713" 2. 312 N.H.

6 i 1:8,828 45.0" x 60.0" .605 N.H.

Total Manuscripts - 17

Figure 15 Lunar Scales and Dimensions

28
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Since JLq'_,_ 4 _ ...... "_

'_' the reJt_ced L_ndin 8 and AsccnL(one i:or each landing siLe), ..

negative was reproduced ,for c_ieh o< tl_e scenes and inco_:porated

'D
]

U

in the _,""n_o_,Llve assemblies. This procedure insured a point to

point correspondence and a smooth t_?ansition .from any one of the

ten selected landing sites to the Lc:nding and Ascent scene.

In a similar fashion, as each of the ten scenes were comoiled

and rendered for Ranges 4 and 5, they, in turn, were photo-

graphically reduced and incorporated as part of the negative

assemblies of sub-orbital Range 3.

H
Renderin_ o:_ Lunar Artwork

Shadow Gsometr_;. The orientation and length of a cast shadow

position of a vertical structure upon a spherical surface. The

g

a

g
g

g

direction of the incident sunlight was defined by the sub-solar

point. The position of a given vertical structure can be defined

in terms of its Latitude and Longitude. The geometric consid-

erations are shown in Figure 16, Page 30.. In the figure, a

right spherical triangle enclosed by sides a, b, and c defines

a general point, P, on the surface of the sphere with respect

to a reference point X. The reference point is the

g

g
29
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Figure 16 Sh::Ido_,qGeor_atry
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E

1D

D

'a]

_B
]

|

of the incidcn:_ sun!ig]_[:, r_TL_esides oF _he spher:;cal t_:;;__',_Ol<_

- ._e, _< ..... o ..... ,_-'@(_. CO 121l,_. cei]_6,-r 0 c

•the sphere. Side a is the latitude of ;:]_,zgeneral point, l-_,

and s_d_ b {_ the o, 2::_-_.-'encein long-!Lu<..c 1:__,_..... _ ....... L..... e_] tr.,e su]9-so!E,._. _

point and the longitude of P.

At the _neral sur r--_ point, ,o ...... _ P a local o_:thogonal coordinate

sysL_,n is de.$ined by:

I) the l,]o:.fr_alto the._._u_'face.... _-_,_point P

| 2) the direction o:? the local meridian

an_ di:cect'_on o:,_-t_e local p_.<_._a!lelof lat_u_,.e

On the final Zramhics which are _l_t, the latter t;.,_oform an

orthogona! pair of coordinates over the entire scene. It is

i
I

I

with respect to this coordinate system that we determined the

length and orien;-_'on__._._,. o-_ the cast shadow.

In order to determine the shadow I _'-'enoch , it was first necessa-ry

to dete:cmine _'_ _l,_ ......._.._ oeLween Lne direction ZZ' and the local

|

!

normal. This angle is equivalent to si4e c and is read'..]_],

determined from the identity:

COS c _- COS a x COS b

!
r

The ' _ .....shadow length was Lo.en obtained _- the_rom rollot/J_ng relation--

| i

3].

n



I

SL_J.O "

] I

<;:,_-) TA]; c

The o):].en_a__ion o:::angle ,__e L'z,ado-.7 '-_'-, ""

D

_Q

g

{n th_ ].osa].].y b_o_-;_-_-_l ol,o_,e " ,',c!u:hJa!an[:Lo cL_e'-',.... A..... ._Aj, e

"[ "; 'IiI"C'_ _"(--[[ ][ [:--O]i_ t '] C local m_-ridiai_ and equivalent to _nale B

I -

_.rom Ln_ local parallo!. These angles are de_e-.c-

m±n_o. J_ro;a the identities:

COS A "-='r_}_J- t _l"_ b 'rrl _l"/ J.AJ:._c

SIN B = SIN b/SIN c

U
U

g

g
g

g

These basic ec_ua,'-ions permitted the col3.putatioD O:_ the magnitude

and direction of th2 cast sha(!o_Ts Since all o* _' _,_ d" " "

s_,_::.c_il}, a,.,,ayf_.u,:LLhu uub-_ulaz puJ.J_. ','/[liL/]l iS L._I'J ]i'UliQJ"-6Ji_.Ue

point, it was n "_ _os_ryo-- , to calculate only one quac:ranc" since "she

other _h._e quadrants are mirror mmages. The direction and

magnitud.e of the east shado_..._sis sho_;m graphically in F.igure 17,

P_-_oe 33 _..__cn is a vector d{a_ra_ computed _- _en _._._- -o -, :cot " " d °_''_ inter

vais o? Angles A and B.

g

!

g

Lunar Su-,_-fac_ 3hado-,_s In the previous section, tre_.-o'-{_._na

shado<,7 _; o*_ " _ _-_'i!y idealized tooeom=--y, E[le situation was n_c_oo_z

describe tn,_ geo_.-tmtrica! situation. Further clarification was

requi_sed to depict actual lunar terrLLin.

g
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strur'Luz:.c:_ ,>_loo">,_s of abouU .......-)-1.5o arc ........s_c"---tc:F-L o,;_,-.__: ",',,,',_,__' O.S tbr:,_

lunar sur-?ace.

oun]._.o__L must _)_.!_:ss _a_ the a_l<_±c ._ SIOp.. O_: ttlc tcrL'o.i_!.

|

|

Consequently, large sloping c--_ -,,----.- _.-_,__,.._and other .[eatur_,s herin S

sir0.ilar slopes actually cas- no snac.o:z unlr,_-;s ].ocate_-] w2_th:tn

15 ° of_ the terminate,_/--'.

| A..tnougn" no snt_co_s are cask in the _--_-q from 0o to 7_5o• . X]JOIB

!

|

_ne sub-sol_r point_ c,.-:c:+:e:.encesin i!lumin--,t_on are _)--_oent

These di _-_- .... :_- -_.,_e_ences are D:¢inci_allv due to cN_£._erenee-= in

reflectivity of the materials wnmct_'" _ make up c_e lunar., surface

| and the variation in the angle of incidence of the sunlight.

|

!

Defining. Shadow Direction. The area covered by the sue-' ore•"_=al'-

altitude R._n_ 4 _ "_nq 5, u:_e ten I " '" _'_-- o-.- includes ..... ano.-.ng s:<tes ,Mich

are o_-_-ally located within two degrees of the lunar equator

!

!

Uithin this l_.,:__tuc',erange the shadow orientation is pract_cal].y

constant and was so depicted for each of the ten landing site

scenes. Of course, differentiation of shadow direction was

!
appeared below the lunar equator.

wn:_ch appeared _ove and thosemade fo:- those points _' " aa _.i_ich

,-, , . .. ,__ _,anoe

34
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above and ]>e!o_:' klic,__l.un,::-cc:qt_ato_:, L,<_::i<]_:[s,::]titud<, _:aP:[]e_ t]_,.__.

shado_,z di-,_-ectio_._",:.'asdefJ.)_,::das a c:o_:sk;u_t for each one degree

o_ ]_aL__LucLe by 5 c,l---.,.orc,:,_=oof Ion s .....L,..c,. :I1']_. ;s to say, each

a_'ea .,<_,.,_.7ooconszc:e_'ec: as ba:L_:.,.S a hoz.L:.:o_.tLa! _!__..,.__,-.-,_,upc)n .,,h-]ch.... die

relative shadow positions _..:_e.:cea cc>_s:.:o.l-,_k. Th:T_s sa:it_: procedu:,:e

was employed _ - : ............... '-__Lot t]],_ orb.uLa]_ altl-cu.c_:;r_,n¢:-os:.7.)_L_iznI:ne 1

dine]_ e::tc:nt of 5 dG_'g:cees on either: side of t::.;aequako::. Beyon:1

5 degrees o-,:Et]e _qu_,_o__-_;- ;-, ,_he si]ac_o,:_s_,.7{:_re,,_.,,..........as havin_._ a

constant orientation :,:or each I0o x ]_0° int:c:cva! of .!at.Ltuc{e

and longitude.

D ,.e.e-,_-m..,_n:._n_ _n.,.,_ ,. Los
_

The I_-_;'-I, .....__]oL . OiC L._r: shp.dovTs E.TdO.

m

U J.).L_LLI_/y [)LU_JU__ L.LU£1£_.L to Ufl._'. te;tl_;<:_'-_.: O_ _t_'' J___tcJ_u'aflL £_L_,IL

angle. In the sub-o_:b_La! alt:Ltudc ....... e _-........ _"_go _._]_:;_ehare contained

within a latitudinal band o:c 5 degrees of the equator, Lne

|

incident .... ._'7......".'. _ "l_.gnL angle is p:cimari].y a ,-uv_Y]on o:: the dzffe__-ence

_--;'-co , .- . L=,e sub-solar point,in lons_cu.]_ oec_zeen a sp_c:Lfied poi_t and "-_"

]Tne tangent of the incident light angle _,Tas computed at a con-

stant mid--latitude of 2-_ degz-ees. A series of cu<'ves were then

constructed _nl_ch c_e.L,_n_d Lf!e shc,._o .... eF_,_gn _S a :,-LlilCP:LOII O::

!on o .... t<,_ and ve:,:, .... cal n__,_o_,.L A s:;__-,.::l_-- a,2:)_:oacn was em:)!oye,:]

_.o£ the o_:bital ..... gz,_cuc.,. 17_--,.....
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" '-'_ ..... shado,...zs and co]:_,-er,_)on.d:_.n_ _

leno_, ,,.Ta,.L-o annoLaLod as vectors on the ' '-].P. _ E! JL'U!,2U. i _ t C ]L" C _h <_ e_" ].I] _

data base. The perso_me! ass:igned to this task detem_tined the

.? . i ,.. _ t-

he.Lg_c of the various lunar :,-eatures by in'- " ..... "ue].nreLaLZon o:< the

elevation contours. Additionally, these personnel deLen:mined

the approximate position in terms of latitude and longitude an,:]

utilized the appropriate graph to de,zermine the shadow lensth.

Rendering_ of G_'av Scales. The rendition of the lunar land-

scape was basically the rendition of light and shadow effects.

The diffez'ences in tone, or gray scale, not only reflected the

differences due to relief but also the differences in the

reflectance properties of the speci):_._=d areas

D

0

g

m

The portrayal of shadows required a great degree of artistic and

cartographic judgement on the part of the renderers. The

judgement was necessary when one considers that the shadows are

affected not only by the lunar phase and object height but also

by the su_:face irregularity and slope. In addition, much of the

original source material was without elevation contours and at

such small scale that artistic interpretation was necessary.

Method. The 17 lun__nr scenes were rendered on a transparent

/

mylar base material superimoosed and punch registered with the
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b]r en:p]oyin$, p]_c_si:ici::e.drondel:in S [<oo]s and t<:c]_n.iquns. (See

Figures 1° _nd 19> P<?.ge 3° ) As visual ai¢Is in their artistic

interpre- _" _,-_ct_.Lon, the :,.-endere__-sused t]_e mo °.> up-to--_ate lunar

photogra_)hs, w'._ich j_ioc],_!_c]_._.:___'_I'_,_'_,_,_,:_VII and VIII photographs, and

othe] 7 sources such as Lick Observatory telescopic photos and

the Rectified Lunar Atlas.

Photo_ra.ohic CoD',_ns o_? Lunar Scenes
, :............... __< _f__'fi_ __2

Afgt3.7o_r_', - a3)_<]- C{.me]._'_ Ali,z__]m_en.'i. The lunar graphics cons_s_s _-_ _- oF

17 diS,?eren_ scenes compiled and rende_-ed-at six diffe-_ent

scales Four d4 _" "
.... :,:£eren< reduction factors x,:ere employed in

reducing "_L,_ master artworks to the required final, film scales.

To insure that the center line of each exposure v._s.saccurately

D

n

positioned, an optical reference center line was placed on the

face of the easel•

.#

Continuous Film Strio Procedures. The artworks were copied in

the sequence indicated by the specifications. The special].y

designed filra mete:,ring and alignment device, which is part of

the ..__Im holding system, was used in metering the variable

lengths of film across the focal plane. This was accomplished

to an accuracy corresponding to the positional accuracy oF: the



FIGURE 19

(Right) Artists
adding final de-
tail to Landing
Site 7, Range 4,
Lunar graphics.

FIGU)_,L,18

(Left) Aero
artists, using
special plasti-
cized t:ools, ren-

dering ]_ange 1 of

the Lunsr graphics.
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s_rocket holes in the final film posi[ive.

Fill!:2 Ed<_9,gJ!rg. The best available o_)tics, Goerz Red Dot Artar

Lenses, were used in t]_e optical reduction of the artwork. Due

to the extreme image lei_gth of Range I, it was necessary to

reduce the artwork in t_Jo stepo. O_timum aperture settings and

monochromatic illumination was utilized to insure the best

D possible resolution.

D Production of a Reversed Image Film Roll. The Lunar reversed

image film roll was produced in the same manner as the te:crestria!

Q mirror image roll.

The film was exoosed in the normal orientation and the
camera

U mirror image film was achieved by reversal printing in the Log

U Etronic SP 10/70A Strip Printer.

Printin_ of the Final Lunar Graphics. The master negatives were

contact printed on SO 226 film on the Log Etronic SP 10/70A

a Strip Printer. All required resolution charts, linearity charts,

and fiducial patterns were provided as specified. The total

length of each roll, including leaders and trailers, is 56 feet.

Q Figure 20, page 40, is a sample of the lunar graphics.

Calibration Photographs. One set of calibration photographs

a
39
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oF_ each ]_andin_ sihe at eac',_ o>-bi"u_:. ", _:nd ,.__'l_--oi'L_iLal'- ' rr_,.<e and

each lun:_:r phase, _,:::,s provioc, d. (S_._ Figure, 2!, I'agc 42.)

The calibre_tkon _ '- _-- ' " • 'PnO_Oo=_')"_" _ 8 x 1.0 1._::cnes, sb, o<,e a_,.[ ,-*o, Itt_aSt!]fX_,i _

high contrast lil._e reticle centered on the landin S site, a

north ar_:ow and for identification, the lunar range , phase, snd

•_ m "I . _ Cr_O_'r'r.o;-" ( " • .,_landing _ite nu,...:)ar On the reverse, th_ o_ _,- .... ,lake con. d.l.na_es

of the landing site hove been furnisl:ed. The calibration photo-

graphs are a 15.38 times enlargement from the final negative.

Figure._ 22, p_c,e_.o43, is a lunar maD. sho_..Ting the ten landing sites.

1
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SPECIAL TEST FII_,_S PRODUCED UNDER

CCA NU_U3ER 6

In July 1967 Aero Service was requested to produce additional

Test Films which will be described in this section.

(

D

Q

(

N

|

Item I - Image Quallty and Resolution Test Film

To produce the series of test films at a number of different

contrasts in both black and white and magenta images a master

composite negative was first prepared. The master negative

contained the following items:

a. An actual sample of the Film Graphic Lunar image

selected from a portion of range i. Size was

five inches by five inches.

b. A full scale reproduction of the 1951 USAF Resolu-

tion Target reproduced directly from a Gurley

Co

Master.

An eight time reduction of the 1956 RETMA Chart

(T.V. Test Pattern).

|

B

do

Two copies of the 1956 RET_ Step Tablet only

photographically copied so the tablet was 3.5

inches long. The two step tablets were arranged

so the ascending density values were in opposite

direction.

44
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Fig 23 iilust .........,_ " '• _ the d_:_ta conCa_nca on this test film.

Overall length of each test film _,las ap[:roximate]y 18 inches.

The aim _._as to produce five different contrast test films

'in both black and white and n_.age_:_tawhic.h would represent the

full range of contra,:_t possible from the e>:isting master

negative rolls when" printed on Eastmsn S0-226 film.

Initially, five black and _!hite test films were produced,

then two additional films were made referred to as B & W Strip

6, 7. These additional strips were made to provide lower

contrast levels than those achieved in the first group of five.

For the Magenta Dye Coupled images a total of five test films

were produced and characteristic curves of these test films is

sho_.._.,in F __ o/,

%

Item II Additional Test Films - Eight Foot Length

From the same composite test film assembled for Item I one

each eight foot length test film was produced in both black

and white and magenta. The contrast of each of these films

was the same as the respective middle contrast test produced

under Item I.

Item III - Perc@ntage Transmission - Test Film

After considering several different formats, the design

shown in Fig. 25 was determined by NASA after conference with

45



D
personnel representing Farrand and Grun_nand.

It was necessary to first prod_ce a specified characteristic

curve for the S0-226 emulsion stock on hand from which the

required (Log E) exposure values and processing time was

selected to produce the specified 1%, 25%, 50%, 75% and 90%

transmission values.

A second specific characteristic curve for the SO-226

emulsion stock on hand was produced but continued through the

black and white processing to a magenta dye image by magenta

g

g

g

dye coupling. From this curve the specific (Log E) exposure

values and processing time was selected to produce the

specified magenta image 1%, 25%, 50%, 75%, and 90% transmission

values.

|

|

I

!

!

|
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On November 30, 1967 CCA Number 3 was issued to Act, Service
which stated:

le

The Contractor shall deliver two 4" x 8" film graphics

samples of lunar range 4 on doubly perforated GFE Kodak

film type S0-226. One sample shall be processed in

black and while, the other sample shall be in magenta,
using a magenta dye transfer process from black and

white. Each sample shall consist of one half of the

image area with significantly enhanced additional detail

based upon Orbitor photography and the other half will

contain the same detail developed under the above-numbered
contract. /

.

The objective of the enhanced detail area shall be to

produce in an authentic random size and authentic random

quantity detail which is comparable to Orbitor photography.

o

The techniques used to produce the above items shall be

capable of being applied to the production of film graphics

for use in the Mission Effects Projector and shall not be

uniquely associated with the production of the item
deliverable hereunder.

.

The Contractor shall furnish the material cost and labor

hours expended in the production of the enhanced film

graphics and also for the unenhanced film graphics.

o

The Contractor shall furnish a description of the technique
used in supplying the enhanced detail.

g
g
|

|

Aero Service developed a technique for satisfying the above

defined test strips and made delivery of both a black and white

and magenta enhanced detail sample of a four inch by eight inch

image area selected from range 4 on January ii, 1968.

At the completion of the work performed under CCA Number 3 a

report was prepared and submitted in January 1968. A copy of

this report with minor changes is included as part of this final
report.
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FEASIBILITY STUDY,

TECHNIQUE FOR DETAIL ENHANCEmeNT

OF LUNAR FILM GRAPHICS:

CONTRACT NO. NAS-9-5981, CCA#3

I Submitted to :

! National Aeronautics & Space Administration

!

I

Manned Spacecraft Center

Houston, Texas 77058

' |

I

I

I
I

Aero Service Corporation

Division of Litton Industries

4219 Van Kirk Street

Philadelphia, Pa. 19135

I

I
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INTRODUCTION

Recent successes experienced by the Lunar Orbiter Systems

have provided photography of the lunar surface with detail

never before recorded. The availability of this data raises

an immediate question. How can this new data be quickly

incorporated into the current training of the Apollo Mission

|

Crews, so that they may have the benefit of the most accurate

This report describes a technique developed by Aero Service

Corporation to up-date the existing Film Grsphics by incorporating

the improved source information provided by Orbiter Photography.

A portion of Lunar Range 4 Artwork was selected for the experi-

g
g

g
g

ment. Using available Lunar Orbiter Photography as source

material, Aero Service Corporation enhanced one-half of the

selected area. The remaining half was left unaltered to serve

as a reference for comparison purposes.

improvement Of lunar detail and forms.

are described in the following paragraphs.

52

The result was a significant

The techniques employed
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PRELIMINARY PHOTO PROCESSI_]G

Initial effort involved examining available Orbiter

Photography for coincidence with any of the ten (I0) landing

sites depicted on the Range 4 Artwork. A 4" by 8" area of

Range 4 was chosen for its similarity with the typical lunar

forms depicted in the Orbiter Photography.

The Orbiter source photography and the Film Graphics sampler

existed at different scales. For best results it was decided

to bring both the sample and the source to the same working

scale. Negatives of the Film Graphics sample at a scale of

1:323,735 were photographically enlarged to a working scale

of 1:64.747. This five (5_ t_me_ _n1_r_pm_n_ _ m_ nn

Cronaflex film material chosen for its stability, translucence

and compatibility with artistic rendering.

The Orbiter sheet was photographically enlarged 2½ times

to match the sample scale of 1:64,747. This enlargement was

also accomplished on a stable base translucent material.

At the enlarged working scale, the size of both sample and

source was 20" by 40". Employing the enlarged Orbiter Sheet

as a guide, detail and lunar forms were added to a 20" by 20"

portion of the sample. The remaining 20" by 20" portion was

left untouched.

53
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RENDERING PROCEDURE

The photographically enlarged Lunar Orbiter transparencies

Q

g

|

g

were positioned beneath the Film Graphics Range 4 Artwork.

The technique necessary to transfer the Orbiter information

onto the Film Graphics sample required the utilization of tools

capable of depicting minute detail. Special plasticized

rendering tools were selected for this operation. All visible

information was extracted from the Orbiter photographs and

artistically transferred onto the original Range 4 copy.

Consideration was given to the depths of crates and heights

of rims so that the correct shadow relationship was maintained

with the original Range 4 graphics.

II

!
g

g

With the addition of new lunar _+_i a prob I^-_-, _,_ WE _= _--

countered with regard to a contrast loss between the original

background and some portions of the up-dating. It was found,

however, that an automatic eraser was quite useful for discreetly

varying the background and maintaining contrast levels to that

indicated on the Orbiter Photograph.

!
FINAL PHOTO PROCESSING

|

|

Upon completion of the rendering, both the enhanced and

unenhanced portions of the sample were photographically reduced

g 54



to a negative at a final scale of i" = 4.44 N.M. The negative

was then contact-printed to a positive on Kodak SO-226 Film

Q

B

m

B

|

(9_", with sprocket holes). The positive image was centered

within + .010" of the centerline of the film.

Two final positive samples were produced, one sample

processed as black "and white and one sample processed as magenta.

A flow chart of the procedure described is shown in Figure 26.
/

The techniques employed in the generation of the samples can

be logically extended to the larger formats required for full

scene updating. In this case, the original Film Graphics

Artwork and Orbiter photographs would be enlarged to a common

scale of 1:64,747. The Artwork would then be enhanced in sections.

Each section "_ be "-_ -_wuuzu ruuu_u two (2) times to a negative at a

scale of 1:129,494 which is the present artwork scale. Contact

pr&nts produced from these negatives would then be employed in

|

!

the composition of a controlled mosaic lunar scene. Such a

mosaic would be perfectly matched and uniform throughout. Upon

completion, the mosaic would be photographically reduced 2_ times

|

|

to final scale in negative form. The negative would then be

contacted printed to make the final positive which could be

processed as either black and white or magenta.

|
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CONCLUSIONS _D RECO>_.IENDATIONS

From the preparation of the sample, useful infor1:_ation

was learned regarding the minimum size and quantity of detail

which can be practically generated in the artistic rc_udering

of Orbiter type detail. An examination of Lhe enha_ced detail

by projecting the completed magenta film st1:ip onto a screen

at forty (40) times enlargement indicated a very substantial

increase in detail and a good similarity to medium range

Orbiter photography.

This demonstrates the feasibility of artistically creating

detail and of up-dating the Lunar Film Graphics.

A review of the hours required to prepare the sample and

=,, extrapolation uf _L,o_ _,o_o to _,= _uv_ v_ _**c _uwu_

required for full Lunar Film Graphics up-dating indicates that

a considerable cost would be involved. It is therefore in order

to suggest a method whereby the detail of the sample can be

achieved over a large area at only a small percentage of the

straight extrapolated cost.

For a given scene, a sufficiently large area would be detail

rendered, as in the sample, to provide Orbiter type micro-

detail in the area of high interest (landing site). This infor-

mation would then be photographically copied at a two-time

reduction and a series of tone-matched prints would be prepared

57
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B
from the negative. Using a st,nb]e base m::_i:erial, one print

would be cemented onto a grid so that its micro-detail would

D

D

register to

i _ Expe im

_ D of the two

image detail.

ii _ tO the sample

i_ D full-scene c_=

The elem_

in

register with the micro-detail in the arca of critical

' interest. Then the additional duplicate i_,rints would be

mosaicked in a random manner so that the entire scene area

would be covered wfth micro-detail image.

To prepare an Orbiter detail enhanced scene, the original

Artwork would be placed on the easel and exposed onto a negativ4.

Then, the original Artwork would be removed and the mosaic of

Orbiter type detail placed on the easel and double exposed in

58

the first image.

Experiments would be made to determine the optimum balance

(2) exposures to obtain the mos_ realistic Lunar

This procedure would give detail fully equivalent

sample over the complete scene at a substantially lower

cost.

The elements of this process are given in Figure 27.
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VARIABI,E RANGE 3 FII2_ G}_APHICS FO]_ LMS AND T_IPS

CCN - 12(S _ Dated 2-25--69

Ori$inal Source Data

The AMS paper print mosaic of orbiter IV photography is

at a scale of approximately 1:600,000. It covers the entire

area specified for variable range 3 film graphics and has

sufficient detail to use as source for the total area except

the actual landing site area. In the landing site area the
/

Lunar Mosaic, Scale i:i00,000 , Site II P-8 was used for the full

extent of its coverage.

Microdetail 1/50th of an inch or less on the final film

was provided as hypothetical second generation detail.

Lunar photomaps scale 1:25,000 Site II P-8 and Factored

Transparency Manuscripts, Corridor Area Site 3, Scale i:i00,000

!
U

!

and Landing Area site 3, Scale i:i0,000, were used as visual

reference to insure a true portrayal of the lunar features.

Construction of Compilation Projection Grids

The projection for the variable scale lunar scene consists

I

l

a

of three projections produced as a continuous lunar area

centered about the equator. (Fig. 28)

The film scale on the LMS film from 22 ° East Longitude to

I0 ° East Longitude is 3/4 inch per selenographic degree.
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The film scale on the LMS film from I0 ° East Longitude to

i° East Longitude varies uniformly from 3/4 inch per seleno-

graphic degree to 1-1/2 inches per selenographic degree. The

' scale between longitude degrees is proportional to those formulated

in the appendix to the addendum to Exhibit A dated January 21,

1969.

The film scale on the LMS film from 1 ° East Longitude to 5°

West Longitude is I-1/2 inches per selenographic degree. !

The Compilation projection was constructed at 5 times the

scale of the LMS final films, on cronaflex drafting film using

a Haag Streit Coordinatograph.

Preparation of Base Panel for Artwork

The projection at compilation scale was transferred to a

|

!

piece of 48 x 144 x 1/4 inch tempered masonite. This panel was

reinforced with aluminum channels so that it would remain rigid

and flat.

!

!

The selenographic projection was inked on the 1:600,000

AMS mosaic of orbiter IV photography in increments of i°. Each

I ° x i ° block was then assigned an identifying number using an

g
!
!

Atlas grid system. The mosaic was then photographically copied

at an intermediate scale. Using the compilation projection for

control, each I° x i° segment of the orbiter IV mosaic negative

was projected to scale using a Zeiss SEG IV rectifier.
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The Zeiss SEG V rectifier in addition to projecting an

image to the desired scale also has the unique capability of

precise "X" any '_" tilting of the image to transform the image

to the desired geometry. This capability was required for

projecting the images that fall in the variable scale area.

The scale adjusted and transformed photographs were then

adhered to the masonite base using a combination of mosaicking

and panelling techniques. They were accurately positioned by !

using the projections for control. (Fig. 29)

The entire photo assembly was then encapsulated under 4

coats of clear epoxy resin. With the surface wet sanded after

each coat. Final result was a surface that showed all the photo-

I)
g

g

graphic detail clearly and made a very receptive base for the

paints. (Fig. 30)

Renderin$ of Variable Range 3 Lunar Network

Prior to the rendering operation for the lunar graphics, a

g

g

suitable type paint had to be selected. The desired characteristics

of the paint were: excellent adhesion to the encapsulated image,

quick drying to assure ease of overpainting without delay, and

n
g

g

portrayal of correct reflectivity for the photographic mask.

The paint finally selected as meeting these requirements was

an acrylic polymer. This synthetic resin emulsion base paints

can be thinned with water and dry quickly upon application.



k_

J

11
F__}_re 29 - Rectified photographs being mosaicked to

Range 3 Variable Scale Projection.

' i
"I

F__ure 30 - Technician wet sanding photo assembly

between spray coats of clear epoxy.

fl
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Utilizing pre-calculated shadow vectors the lunar detail

existing on the orbitor photography was rendered in black,

white, and shades of gray. In a'reas where height and depth

information 'did not exist, good cartographic judgment was used

in depicting the lengths of shadows. (Fig. 31).

A daily check Was made with a Macbeth reflection densito-

meter on finished areas to assure that the correct reflectance

D values, necessary for the photographic reproduction were I

consistent.

.

During the total rendering task, scaled photographic overlays

were used as the checking device. These overlays were made from

D the panelled orbitor image. Utilizing this procedure, a

0

0
L

0

D

iD

production.

Microdetail

Microdetail was provided as specified by Drawing #CFMSL

i01768 '_4inimum Ground Resolution for Variable Scale Film" and

the bar chart in the appendix, "Number and Sizes of Craters per

Unit Area."

The microdetail ranges from minimum size of 348' diameter

in the approach area to 66' diameter in the landing site area.

The method used to provide this detail is as follows:
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Within a 40 inch by 40 inch area of a piece of Conopaque

film, craters were rendered that ranged from 348 feet to 2,652

feet in diameter and in numbers per unit area as specified, Fig. 32.

' The 40 inch by 40 inch square was then reduced 8 times to

be mosaicked on a 48 inch by 144 inch by ]./4 inch tempered

masonite board which was reinforced with aluminum channels to

assure rigidity and flatness, Fig. 33.

The microdetail mosaic board is 5 times larger than the fin_l

LMS film scale. The 40 inch by 40 inch square, then is therefore

reduced a total of 40 times to cover approximately i square

on the final film. In this manner, the microdetail does not

cycle more than once per inch on the final film.

inch

After the 40 inch section was copied, the artwork was returned

and the required number of craters ranging from 246 feet to 348

feet were added within the 35 inch by 35 inch central portion

of the original. The artwork was again copied this time at a 7

times reduction, and this combined with the 5 time reduction of

the microdetail mosaic board will result in a 35 time reduction

0

D

0

and still retains the minimum i inch cycle.

Because of the variable projection scale the craters maintain

their relative scale size. The same procedure was repeated a

total of 5 times adding smaller craters in the required quantities

until a final saturation of craters down to 66 feet in size were

added for the landing site area.
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The microdetail mosaic was copied at the precise reduction

and orientation as the lunar artwork board. The microdetail

g

g
g

g
g

!

g

was printed on an intermediate positive using a double

exposure photographic technique. •

Test Strips

Priority was given to rendering and mosaicking microdetail

in a 20 inch by 20 inch area of the variable scale section of

the total area. The two boards were then copied and the

sensitometry worked out to provide 6 test strips as required.

(Fig. 34) Three test strips were required each for the LMS

and LMPS. All 6 were provided at the LMS scale to facilitate

nrodu_t_on of the comDlete films bv minimizin_ the time the

artwork would be unavailable to the artists.

Artwork and Camera Alignment

The lunar artwork was produced at 5 times the scale of the

LMS final films. The LMPS films required a 3.333 times reduc-

tion of the lunar artwork. The LMPS also covers less distance in

|

|

O

the latitudinal direction and is offset .562" north of 0"

latitude on the final film.

The films for each simulator also required tick marks along

| the edge and the requirements were different for each system.
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Because of these variations it was necessary to set up the

artwork with the proper ticks and adjust the camera, easel, and

lighting separately for each set of films. In this case the

artwork and microdetail mosaic for LMS films were copied first.

When the LMS films were copied the ticks required for the LMPS

films were placed on the artwork. After the camera was aligned

for L_S scale the artwork and the microdetail mosaic were

recopied. /

Exposure

The same high quality equipment, optics and techniques were

used to expose the variable range 3 films as were previously

used for the original film graphics.

Film Imagery Layout for LMPS

Left and Right hand negative rolls were assembled using the

negatives for the new variable range 3 and various negatives

from the original film graphics as described earlier in this

report. The new film positives are specified to be printed at

a much higher gamma than the original films and in an entirely

different orientation of images. This required making inter-

mediate negatives from the original to accomplish the desired

results.

|
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Printing the Final Fi]T_s

Tile master negatives were contact printed on Eastman Type

2420 film using Log-Etronic SP 10/70A Strip Printer. All

'required resolution charts, lincarity charts and fiducial

patterns were provided as specified.


